Background: Many countries are experiencing an aging workforce with women workers making up a growing proportion. Workplaces often require employees to complete lifting tasks that require the ability of the hand to grasp an implement (coupling). The National Institute for Occupational Safety and Health (NIOSH) has developed an equation for manual lifting tasks hoping to minimize the potential for a workplace back-injury related to a lifting task. The NIOSH lifting equation relies upon stress variables including a coupling factor. However, little is known regarding grip strength as related to the NIOSH lifting equation coupling factor. The purpose of this study was to investigate differences in grip strength due to gender in older adults.
INTRODUCTION
The world population continues to grow older and it is projected that by 2050 there will be 1.6 billion people aged 65 years or older [1] . The increase in the aging population is not uniform across the planet and many countries in Europe and North America are geographic areas experiencing the aging population phenomena [1] . In the United
States the increase in the aging population is being accompanied by an aging workforce [2] . Projections in workforce 28.8% and by 85.2% for workers 75 years and older [2] .
Of particular interest for same period, women workers 55
years and older will increase by 33.0% and by 104.6% for workers 75 years and older [2] .
It is likely that the aging workforce will be accompanied by musculoskeletal disorders including areas of the back and spine. It is estimated that 60-70% of the work force will experience at least one serious incidence of sciatica or back strain during their lifetime [3, 4] . The US Bureau of Statistics reported 182,270 cases involving injuries to the back in year 2011 [5] . The US National Center for Health
Statistics reported that 18% of all work place injuries are spine or back related [6] .
The Revised NIOSH lifting equation [7] for the design and evaluation of manual lifting tasks was developed with the goal of minimizing the potential for a workplace back-injury related to a lifting task (NIOSH-National
Institute for Occupational Safety and Health). The NIOSH lifting equation is based on three general stress related variables: physiologic, biomechanical, and psycho-physical. One specific variable included in the NIOSH lifting equation is referred to as the coupling factor. The coupling factor is an estimate of how well the hand is coupling with a tool or workplace implement. The better the grip between the hand and the tool or workplace implement, the more effective the coupling and hence higher coupling factor.
When considering the concept of a coupling factor it would seem prudent to include the issue of varying grip strength due to age and/or gender. Prior research suggests that there are age and gender related differences in grip strength [8] . However, the published data sets do not reflect grip strength allometrically scaled. Allometric scaling is based upon the theory that humans have relatively the same shape however vary in size and that the relationship between strength and body mass is curvilinear [9] . Jaric and colleagues [10] suggested that to allometrically scale strength that the strength measure should be divided by (body mass)
0.67
. Most recently Maranhao Netoa and colleagues [11] suggested that hand grip strength should be allometrically scaled to body height (meters) 
MATERIALS AND METHODS

Participants
The participants in this study included healthy males (n 
Hand grip strength assessment
Maximal grip strength (MG) was assessed with a Jamar The Jamar handgrip dynamometer has been demonstrated to be among the most accurate instruments for grip strength measurement [19] . Grip strength measurement has been demonstrated to be reliable with coefficients of 0.80 or higher [19] .
Allometric normalization of hand grip strength
Recorded MG was assessed in kilograms (kg) and was subsequently converted to Newtons (MG kg × 9.81 m/s 2 ).
In order to allometrically scale the MG scores the following equations were used as suggested by Jaric et al. [10] and Maranhao Netoa and colleagues [11] . Significance for the study was set a priori at α ＜ 0.05.
RESULTS
All but one of the participants was able to complete the MG trials. One male was unable to complete the left-handed MG assessments and he was subsequently eliminated from the study. Table 1 provides the subject descriptive statistics for age, body mass, and height (mean ± standard deviation). Table 2 ). In each case, MG strength was significantly (p ＜ 0.0001) greater for males than for females.
The effect size (SD) for the differences in MG scores between genders was: 3.5 MG, 3.2 MG/body mass, 3.6 MG allometrically scaled to body mass 0.67 and 3.3 MG allometrically scaled to body height 1.84 . The effect sizes between the male and female grip strength scores were comparative for the four measures of grip strength. Effect sizes of magnitude ＞2.0 are considered "large" in untrained individuals [9] .
The MG scores in the current study for males were approximately 60 th%ile for adult males 60-69 [8] . Likewise, the MG scores for the females were just below 20 th%ile for women 70 and older [8] . We suspect that the large effect sizes mentioned in the previous paragraph were due in part to the deviation in percentile rank of the MG scores and not completely due to differences related to gender. ). Additionally, the gender differences in grip strength appear to persist with advancing age.
The allometric values (body mass
In a recent study by Maranhao Netoa and colleagues [11] grip strength of older adults (n = 263, 60-87 years) was allometrically scaled to fat free mass, body mass, and height.
The results of their study indicated that the optimal method of allometrically scaling MG was associated with body height, specifically, MG divided by body height (meters) 1.84 .
Their allometrically scaled MG scores were not specifically reported, further the MG scores were not reported as converted to force in Newtons as in the current study. However, the MG scores reported in kgs were 35.3 ± 7.3 and 21.2 ± 5.6 for men and women respectively which were higher than those reported in the current study. In an attempt to compare the allometrically scaled scores (body height ) are greater than those reported in the current study, they are consistent with our study in that there is a large difference in the grip strength scores between genders after allometrically scaling to body height 1.84 .
NIOSH lifting equation considerations
An The ability of the hand to couple with an object is far more complex than the NIOSH coupling factor suggests.
Successful coupling of the hand with a workplace implement depends on the size, geometry and texture of the object to be grasped during the lifting task. Further, the type of grip action involved in the lifting task is important.
Specifically, crush grip strength is a concentric muscle action whereas break away grip strength is an eccentric muscle action, noting that eccentric muscle strength is greater than concentric muscle strength. Finally, as noted in this current research effort, grip strength decreases with age and according to our findings (and others) is gender dependent. The coupling factor used in the NIOSH lifting equation does not account for the aforementioned issues surrounding the ability of the hand to successfully grasp a workplace implement while conducting a lifting task, most specifically maximal grip strength and its variability as related to age and gender.
As mentioned above, the NIOSH lifting equation coupling factor varies by only 10%, yet in the current study the allometric MG strength scores between genders varied by well over 100%. MG strength for females age 20-29 and ≥70 years are 59.5 and 43.2 kgs respectively (28% reduction) [8] . MG strength for males age 20-29 and ≥70 years are 95.5 and 69.9 kgs respectively (27% reduction) [8] . The reduction in percent MG strength for both genders as related to aging is 27-28%. In our opinion the variability of MG strength due to aging and gender differences needs to be incorporated into the NIOSH lifting equation's coupling factor in order to account for the aging workforce.
CONCLUSIONS
Within the parameters of this study, it is concluded: 
